Ancient copper objects from Romanian Territories have been analyzed by neutron activation analysis. A series of elements is determined: Au, Ag, As, Co, Cr, Fe, Hg, Ni, Zn, Sb, Sc, Se, Sn. Using mathematical dendograms some classifications and correlation have been established.
Introduction
The importance of analyses of archaeological objects is well known, the elemental composition coming to complete the knowledge on the archaeological objects: style, typology, place of discover, culture, dating, data got by pure historical arguments. Processing the compositional scheme of historic objects one can obtain the identification of the materials and different characterizations and classifications of the founds.
As concerns the ancient copper, the elemental structure shows first of all the bronzes: copper + arsenic, copper + antimony, copper + tin or incidentally copper + zinc. Trace elements could also help to the understanding of copper items: objects with closed elemental composition could be put in cultural or temporal synchronization. From the all the analytical methods for copper neutron activation analysis (NAA) seems to be the best single method 1 offering enough analytical capabilities to provide a good data base. For provenance studies, which it is a very complicated problem the method to apply is the atomic mass spectroscopy: what it remained constant from the ores to the final metal objects is the ratio of lead, determined by the atomic mass spectroscopy: In this paper we have analyzed by neutron activation analysis a lot of 41 Neolithic copper objects: axes, needles, daggers and others objects from the National History Museum of Transylvania, Cluj-Napoca, Romania. In Table 1 it is given the list of analyzed samples.
Experimental method of analysis
Sampling. First some corroded parts have been removed from the surface of copper objects, the corroded material having a totally different elemental composition from that of the body of the object. Then samples of 10-50 mg have been cut with a hard vidia knife from the object body and after that washed with different solvents: acetone, benzene, ether to avoid the impurities from the surface of the item and the protective varnish, added in the museum.
Irradiation of medium periods. Samples have been put in polyethylene foils and irradiated at the rabbit system of the nuclear reactor VVR-S, from and an analyzer of 4096 channels coupled at a PC. The system gave a resolution of 2.7 keV at 1.33 keV (Co 60 ). We observed the elements: Au, As, Cu and Sb.
Long time irradiation:
The samples of copper have been wrapped in aluminum foil and put it in a quartz phial together with metallic spectroscopic pure standards, copper and nickel and irradiated at the vertical chain of the reactor, at a flux of ≈10 13 neutrons/cm 2 ·sec, for a period of time of 40 h. After a cooling time of 2 weeks, we measured the γ activity of the samples at the same spectrometric chain, for 3000 s. We have determined the following elements:
Sb, Ag, Co, Cr, Fe, Hg, Ni, Se, Sn.
Cobalt. Cobalt was determined in the copper object using the isotope Co 60 got in the reaction: Co 59 (n, γ)Co 60 . Co 60 is also produced by the reaction: Cu 63 (n, α)Co 60 which is important enough in this situation, when the element copper is the major element (≈99%). So that C Co =C total -C Co−Cu , where C is the concentration. Another correction made in the calculus of the cobalt concentration in the copper samples is that the used cooper standard contains also traces of cobalt. It was determined that a standard of pure copper has a content of minimum 4 ppm of cobalt. Also in the gamma background of the experimental room it were observed the peaks at the cobalt energies of 1773.2 keV and 1332.5 keV; therefore from the respective photopeaks area it was subtracted the area given by the background, measured for the same period of time as the sample. where N Hg 203 is the counting rate in the peak of 279 keV, given by mercury contribution. N total279keV is the total counting rate in the peak of 279 keV N Se 75 is the counting rate in the peak of 279 keV, due to the selenium presence.
It was used as reference the selenium peak from the energy 264.7 keV of intensity of 0.5658 : Nickel. The concentration of nickel was measured by the isotope Co
Nickel was a exception by the fact that it was determined by the reaction Ni 58 (n, p)Co 58 , unlike the other elements determined by the reaction (n, γ).
In the Table 2 are given the results of activation analysis for the Prehistoric copper object, from the National Museum of History from Cluj-Napoca. The concentrations are given in ppm, and when an element was determined in a quantity larger than 10000 ppm, its concentrations was expressed in percents, using the notation of %. The measured errors were the statistical errors and were in mean of <10%.
Results and discussions
First of all one distinguishes from the Table 2 the samples of copper which contain also other elements than copper, in concentrations higher of 1%, the copper based-alloys. So that we can distinguish the items:
LG10 1.11% Sn, LG14 2.61% As, LG15 1.68% As, LG22 2.82% Sn + 2.07% Zn,
LG41 1.53% As.
Arsenical-copper The presence of arsenic in the samples of ancient copper is shown in Fig. 1 , the analyzed objects could be structured on 4 levels of concentrations:
-concentrations of As < 100 ppm: LG1, LG9, LG11, LG12, LG13, LG24, LG31
-concentrations between 100 ppm and 1000 ppm:
LG5, LG8, LG21
-concentrations between 1000 ppm and 1%: LG10, LG16, LG22, LG37, LG38,
LG39 -concentrations > 1%:
LG14, LG15 and LG41
The concentrations of arsenic could be interpreted in the sense that the samples are made manufactured by the ore of type reduced, like sulfurs and not deliberated alloyed. The specified ores needs a higher degree of metallurgy level to produce the metal. The fact that the items LG14, LG15, LG41 which contain arsenic in concentrations higher of 1% to be manufactured from a reduced ore type is possible with a probability of 3% 6 , in the rest of chances the arsenic being added intentionally, consciously to obtain some artifacts of copper with superior properties than those items of pure copper, the arsenical bronzes 7, 8 .
As concerning the samples LG16 and LG37, LG38, LG39 with a content of arsenic of about 1000 ppm, one can do the same discussion but the probability of bringing in close association of the object to a ore of reduced type is in this case 13%. Zvi Goffer 9 gives another interpretation and method to establish the affiliation of studied objects at the type of aresnic-copper. The Sb and Ag contents of some arsenical copper objects analyzed by Zvi Goffer are directly proportional to the As content. As, Sb and Ag are associated with Cu only in sulfoarsenate ores. The presence of these elements is thus indicative that sulfoarsenate ores must have been deliberately added during the manufacturing process. For the analyzed Neolithic copper from Transylvanian territories we have represented in Fig. 2 the two dependencies indicated in ref.7: C As -C Ag and C As -C Sb , considering only the objects with C As >1%. One can observe that the samples LG14 and LG15 respect the proportionality of arsenic-silver, respectively arsenic-antimony, and one could make the interpretation that in the process of the manufacturing of the axes LG14, Dragu and LG15 Hoghiz, it was added a sulfoarseniate ore deliberately, to obtain axes of higher durity at a smaller temperature. The dagger LG41 does not respect this rule.
The axe LG10 and the chisel LG22 have about the same composition, they are tin-copper alloys, which are a superior type of bronze and they have also relatively the same values of concentrations for the others elements: Au, As and Sb, Ag and Ni. Although the axe LG10 contains concentrations of percents of zinc, the value C Zn =1310 ppm is also a big concentration in comparison with the values of background for zinc, of the others copper objects, so that one could say that also by the element Zn LG10 is synchronized with the object
LG22, which contains C Zn =2.07%. Zinc is reported to be present in the copper object only accidentally. In the literature are given only some metallic founds of zinc 7 : at Dordos, also in Transylvania. The clusterisation of the 2 objects: axe
LG10 and chisel LG22 on all the diagrams points out their strong association and indicates their possible common origin and manufacturing place.
As concerns the axes from Valcele, the request was to identify that the The traces of Au and Ag in copper objects were represented in Fig. 3 It is known that there is a proportionality of the silver and gold concentrations both in the "sulfuric" and "oxides" copper ores 2,4 Our samples follow relatively well the proportionality C Ag with C Au with the exception of the dagger from Ariusd.
Pendantivs "Large spiral", "Middle spiral" and "Small spiral" found in Cheile Aiudului, the samples LG37, LG38, LG39 present a similar structure:
they are arsenic-bronzes and they are well grouped on the elements: Sb, Ag and Ni.
Sb presents random values of concentrations in the frame of analyzed samples.
It is known that the antimony it is used to replace the tin. 10, 11 . One can notice for Sb the high values of concentration for the pendantivs from Cheile Aiudului, the samples LG37, LG38, LG39, and also for the objects LG10 and LG22.
Dendograms. A study of the correlation of all the analyzed objects from the point of view of the whole compositional scheme was done using the dendogram tools. 12,13 . In Fig. 4 it is represented the dendogram of interdependence between the elements in the cooper samples. It comes in to view the levels of concentrations: I: Au is correlated with Ag the probability P=19.5%, II: Au, Ag,
As and Ni, with P=17.0%, III: Au, Ag, As, Ni and Sb with P=14.6%. In Fig. 5 it is shown the dendogram of correlation between all the analyzed copper objects from the point of view of all concentrations. These mathematical clustering must be seen cautiously and the obtained associations must be interpreted only together with historic data: place of found, dating, culture, typology 14 . LG1 2 
